Background: Difficult or impossible face mask ventilation complicated with difficult tracheal intubation during anesthesia induction occurs in 0.4% of adult anesthesia cases, possibly leading to life-threatening complications. Because of such catastrophes, muscle relaxants have been recommended to be administered after confirming adequate face mask ventilation without a solid scientific validation of this principal. Methods: In this observational study, the ease of ventilation and the scores of direct laryngoscopy views before and after administration of cisatracurium were assessed in ninety young healthy adults, without anesthetic risks and without foreseen difficult intubation and who were scheduled for general elective surgeries. Results: Before muscle relaxation, 43 patients (48%) were Cormack Grade I, while the remaining 47 patients (52%) were either Cormack Grade II (28 patients, 31%) or Cormack Grade II (19 patients, 21%). Following muscle relaxation with cisatracurium, the number of patients with Cormack Grade I significantly increased from 43 patients (48%) to 65 patients (72%) (p = 0.0013). 
Introduction
Adequate Facemask Ventilation (FMV) and tracheal intubation are the most fundamental and important skills for safe airway management during anesthesia induction. Difficult or impossible FMV combined with difficult tracheal intubation during anesthesia induction occurs in approximately 0.4% of adult anesthesia cases, leading to life-threatening complications. 1 Because of possible development of such catastrophes, administration of muscle relaxants has been recommended after confirming adequate FMV. 2, 3 Recently, Ikeda et al. showed that nondepolarizing muscle relaxants did not impact FMV in anesthetized patients with normal upper airway anatomy. 4 Furthermore, additional evidence suggest that muscle relaxants not only did not influence FMV in anesthetized subjects with normal upper airway anatomy, but nevertheless it improved the intubating conditions. 5, 6 The aim of this study is to compare the ease of ventilation as well as to grade the laryngoscopic view assessed by the Cormack-Lehane 7, 8 score in the same patients before and after administration of nondepolarizing muscle relaxants during general elective surgeries. bodies in the upper airway were not enrolled in the study. During the preoperative visit, a staff anesthesiologist noted the age, sex, weight, height, and Mallampati classification as modified by Samsoon and Young and performed with the patient in the sitting position with the head in full extension, tongue out and with phonation. 9 The thyromental distance was measured with the patient in sitting position and head in extension. The mouth opening was measured as the interincisor distance. 10 In addition, the anesthesiologist's subjective assessment of anticipated Difficult Mask Ventilation (DMV) was also noted. This subjective assessment included presence or absence of macroglossia, receding mandible, lack of teeth, the presence of beard and if the patient is a snorer or not.
Materials and methods

11
On the day of surgery and upon arrival to the operating room, all patients were placed in the ''sniffing position'' with their head placed on a pillow, connected to standard monitoring devices and breathed 100% oxygen until the end-tidal oxygen concentration reached 90%. Values of noninvasive arterial blood pressure, heart rate, and oxyhemoglobin saturation were initially obtained as baseline and then measured every 3 minutes throughout induction of anesthesia. Anesthesia was induced with midazolam 30 mcg/kg −1 , 1 ---2 mcg/kg −1 of fentanyl intravenously injected in 60 s, followed by 2 mg/kg −1 of propofol intravenously injected within 30 s and the lungs were manually ventilated through a face mask using 2% sevoflurane in oxygen. Following induction of anesthesia, FMV was assessed using the mask ventilation scale adapted from Langeron et al. as ''Easy'', ''Difficult'' or ''Impossible'' (Table 1) . 11 At least on item of the respective list should be encountered to classify mask ventilation as ''Easy'' or ''Difficult''. After approximately 4 min, an independent anesthesiologist, not involved in the study, performed an initial direct laryngoscopy using a classic metal Macintosh (Heine Optotechnik GmbH & Co. KG, Herrsching, Germany) blade III, without attempts of intubation. Laryngoscopic view was scored according to the Cormack & Lehane (C&L) grading system where Grade I indicates that most of the glottis is seen and Grade 4 indicates that neither epiglottis nor glottis can be seen. After withdrawal of the blade, cisatracurium , a second independent anesthesiologist was called in to ventilate the patient using the same face mask for an additional 4 min after which FMV was again assessed. 11 Then the glottis was visualized and again scored according to C&L grading system. Finally, the anesthesia managing team assigned to the patient performed the intubation using the same metal Macintosh blade used in the previous airway assessments. All anesthesiologists involved in the study were senior staff and well experienced anesthesiologists.
The quality of face mask ventilation as well as the grading of the laryngoscopic view were analyzed and compared with the chi-squared test. Statistical significance was considered at p < 0.05. Based on our experience and previously published data, the percentage of patients with Cormack II, III, or IV is about 50%. 12 Considering a Type I error of 5%, Type II error of 10%, a statistical significance level of 5%, and a reduction in the percentage Cormack II, III, and IV grade from 50% to 35%, a power analysis indicated that at least 85 patients will be needed. Our intention is to include 90 patients in the study.
Results
A total of 90 patients were identified and recruited into the study. Patients' enrollment started as of May 15, 2012 . Patients' demographics and characteristics are presented in Table 2 . Before muscle relaxation with cisatracurium, 43 patients (48%) were Cormack Grade I, while the remaining 47 patients (52%) were either Cormack Grades II (28 patients, 31%) or Cormack Grade III (19 patients, 21%). Following the use of cisatracurium, the number of patients with Cormack Grade I significantly increased from 43 patients (48%) to 65 patients (72%) (p = 0.0013) (Fig. 1) . (Fig. 1 ). There were no significant changes in the quality of mask ventilation for patients with Cormack Grade I before (93% easy; 7% difficult; 0% impossible) compared to after (98% easy; 2% difficult; 0% impossible) the use of cisatracurium (p = 0.299). Similarly, no statistically significant differences were observed in the quality of mask ventilation for patients with Cormack Grade II or III before (68% easy; 32% difficult; 0% impossible) compared to after (60% easy; 40% difficult; 0% impossible) the use of cisatracurium (p = 0.605).
Discussion
In the current study, we showed that the use of Nondepolarizing Muscle Relaxant (NDMR) did not affect the ease of face mask ventilation; however, there was a quantifiable improvement in the laryngeal view. In fact, the use of nondepolarizing muscle relaxant resulted in a 1 grade improvement of the laryngeal view in a significant number of patients who were initially scored as a Cormack & Lehane Grade II and III prior to the use of the relaxant.
The effect of administration of NDMR on the ease of mask ventilation is controversial. Full neuromuscular blockade might facilitate mask ventilation by increasing chest wall compliance or by reducing upper airway tone 13 ; alternatively, it could make mask ventilation more difficult by inducing upper airway collapse. 14, 15 In accordance with Ikeda et al., our data showed that FMV was not significantly affected with the use of NDMR. 4 We observed only a minimal and non-significant increase in the percentage of patients with C&L Grade I who were easy to ventilate before (93% of patients) and after (98% of patients) administration of NDMR. Furthermore, patients with C&L Grades II and III exhibited a statistically non-significant trend toward a change in the quality of FMV before (68% easy, 32% difficult) and after (60% easy, 40% difficult) administration of NDMR. The non-significant increase in the percentage of difficult FMV in patients with C&L Grades II and III before (32%) and after (40%) NDMR could be attributed to the relaxation of the oropharyngeal muscles and subsequent obstruction of the submandibular tissues, in an already group of patients predisposed (i.e., C&L II and III) to difficult FMV. It is worth mentioning that impossible FMV was not encountered in our patient population before and after administration of NDMR similar to previous studies. 3, 15, 16 Similar to previous findings reported by Baillard et al., our current study confirms that the use of NDMR may improve the intubation conditions secondary to the improvement in the Cormack & Lehane scoring of the laryngeal view following the administration of NDMR. 17 Furthermore, other studies also confirmed improvement in the laryngeal view and intubation conditions following the administration of NDMR.
18---20 However, none of these studies provided neither quantitative changes in the scoring of the laryngeal view, nor plausible mechanisms for the reported improvements. Our study clearly shows that the use of NDMR prior to intubation improved the C&L Grade by 1 grade in 75% of patients with Grade II and 84% of patients with Grade III. Of clinical interest, in our study, none of the patients worsened their laryngeal view following the use of NDMR (Fig. 1) . We postulate that the improvement in the C&L grade is mainly due to two separate mechanisms. First, the use of NDMR will result in the loss of muscle contraction and a subsequent increase in the compliance of the submandibular tissues. These tissues will be easier compressed into the available submandibular space, and the laryngeal exposure will become adequate and easy to manipulate by the laryngoscopist with minimal exerted force and torque efforts. 21, 22 Second, with the use of NDMR, the relaxation of the masticatory muscles responsible for approximately the first 25 mm of the mouth opening will contribute to the improvement of the retropalatal and velopharyngeal airway that is considered essential part of the effective dynamic phase of direct laryngoscopy. 21 However, it seems that the effects of NDMR on the laryngeal views are not dramatic as evidenced by the fact that in the current study, only one patient (5%) who was initially C&L Grade III had greater than 1 grade change in the C&L score (Fig. 1) .
Few limitations related to our study need to be mentioned. First, our study was performed on healthy and relatively young patients with normal airways and with no known risk factors for difficult ventilation or intubation undergoing elective surgical procedures. Accordingly, our results may not be generalized to an older population or to a population with known history of difficult airway where awake intubation is indicated.
In our study, each patient served as his/her own control. It might be argued that a randomized study design could have been a superior design to test our hypothesis; however we strongly believe that having the patient as his/her own control will significantly reduce potential confounding factors particularly the anatomical features that could have influenced the changes seen or not seen in the ease of ventilation as well as the scoring of the direct laryngoscopy view from before to after administration of the nondepolarizing muscle relaxant. Assessing the ease of ventilation and the Cormack and Lehane grade before and after administration of the nondepolarizing muscle relaxant in the same patient is more helpful in identifying and quantifying the changes seen as a result of the administration of NDMR.
Conclusion
In conclusion, our study confirms that NDMR have no effect on the ease of face mask ventilation despite a quantifiable improvement in the laryngeal view. In general, nondepolarizing muscle relaxants can improve the laryngeal view by 1 grade as per the C&L classification.
